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m m m 

[0001] :^mmi-i. fVv^^Tvzt'^—yjvfSXr. ^LUTJtv^5o ) '^^^—YimM^'^ 

[0002] 3fi^-e«. <D«^|Hli^<7)^tf-(C*3V ^-C. IXiTWOy^i—fVY • Zfn^V^zT ;V 
•y—hTW (Field Programmable Gate Array : J^T. rpFGAj ^5o ) 355j[S<^ffl 
■^flX\i^^mK.\t^ ##fF:SCi^l-3#fl^)o LUT^FPGAfi. #^<DS«fifeWtg 
H^a^n^/i^ (Configurable Logic Block : i^T. ^CLBJ^V^5o 
. #CLBOra{-iSe!«l(-=^^jytlCgHa$tVfcm^<^)^i^(routing line : m^)^^ 

Switch Block : )^-r\SB\b\^Oo )f)m^fhX^^^ (DmwM<Dmw&^^KM 

(Connection Block : iJJ^T. ^CBJi:V^5o ) \Z.XX>Wl^^fVX:\^^o ^bT. ^^WM. 

LB«, i^^lSfci^A;': 1 m;'jc>LUT^^/w^:7^i/i5'1^ (mux) ^i^^^cv ^US^^e^L 

. ^OLUT^MUX(Cj;l9^aj|l^;65 Rrt6T*fc-5o LUTMFPGA-Cf*. SB. CBS. 

i;«CLBOi^l3J^S«^-r5^^(j:J;9.0fM<7)#A;Oim;^l^aM^;Ss^«rt$ttf^ 

^^mm^^mm.'r^^t^^xt^o 
[0003] FPGAx^hmmti:nm^^m^mm^^m^'ir^h(Dti.x. lut^:^^ 
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[0004] ±IBOj;5JfcLUTMFPGAJ^LUT;*;^^— Klfeamj^^. m^(DWsMm^WLtY 

mmmtv^^.)^mm(D^mmmmm^^mL-x^0.mmmmti-^o ^:^x\ ^ 
M^)xmvfcm^ic. ZL(D s ^mmm:. f(x ,x )=g(h(x ).x )({x }c{x}. {x }c 

12 121 2 

{X}, {X ) n {X }= (f. , {X } u {X }={x}) (Dm^mm.'^vkM^^ g(h(x ).x )^gth(D^^ 

12 12 12 

[0005] i^. :2|5:|gjNB«l;i*3V^T. x,Yh^irm^K\t^ AijWk, m^mW<r>^^V;v:5UtX 

^ll^m-^ (ordered set)^^b. {X}.{Y}^|E-ri:#f*. Atf^m, mtl^m(D0m 
^M-a (unordered set) ^^i~t>«^i:-f"^o 

[0006] ±IBM^^^^t;iJ;«9. 2o(^^Bl|^(x^), g(h,x^);65#p>ti.5o f^. ^^^^^mWc^ 

2 

[0007] ^bT. #^il^^giJ>sr (DLUTi:bT^mb. ^LUT^-^^l^ail^tCtJ^o-C 

[0008] g e^jf^SM^^. _hlEM#:^^<^^&^fflv N-c. lut^s^-^U/c^ 

aiHll^lcj;?)^m-r5r^{iM:l!^6^^a-efc§(^J;tfi. #^fF:5:ifc4, 5#M)o 
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(1) (Multi-Terminal Binary Decision Diagram: MTBDD) ^ 

(2) mti%:^^ib^(D^/i^-z^iz^mvxm^'r^:ijm i^^it^wxmTmm) 

(4) i^Ai'ix^:^m mmffxmimm) 

(5) Hyper Function^ffl V (#^#fF:A:mi2#m) 

(6) #^^tii;^^-^>fk#'|4ii^ (Encoded Characteristic Function for Non-zero : 

ECFN) ^my^fcm^^mmm^^^:!^^ mwnxm. smm.) 

(7) Si±<Do^\^ ^<-Df)^(D:ij^(Dm.^^i^'^KX^:^m (##fF:Scmi 

S.Brown, R.J.Francis, J.Rose, and Z.G.Vranesic, 
'Field-Programmable Gate Arrays*, Kluwer Academic Publishers, 1992. 
##f^:5:ife2:P.Chow, S.O.Seo, J.Rose, K.Chung, G.Paez-Monzon, and I.Rahardja, 

"The design of an SRAM-based field-programmable gate array Part I: 

Architecture," IEEE Transactions on VLSI Systems, vol.7, pp. 191-197, June 1999. 
#^#fP:SCSt3:Chow, P., S. Seo, J. Rose, K. Chung, G. Pez-Monzn and I. Rahardja. 
"The Design of an SRAM-Based Field-Programmable Gate Array, Part II: Circuit 
Design and Layout", IEEE Transactions on Very Large Scale Integration (VLSI) 
Systems, Vol. 7 No. 3, Sept. 1999, pp. 321-330. 

^^m^^—v^:nTKx^mw. m^mm^it^^FTsm^^. fts2ooi-8, pp. 

57-64, HM;^#(2001-04). 

4¥WPFXWi5:T. Sasao, M. Matsuura, and Y. Iguchi, "A cascade reeilization of 
multiple-output function for reconflgurable hardware," Intemationd Workshop on 
Logic and Synthesis (IWLSOl), Lake Tahoe, CA, June 12-15, 2001. pp.225-230. 
##fP:5:S^6:T.Sasao and M.Matsuura, "DECOMPOS: An integrated system for 
functional decomposition", 1998 International Workshop on Logic Synthesis, Lake 
Tahoe, June 1998. 

^WWXHkl'.Y-T.Lai, M.Pedram and S.B.K.Vrudhula, "BDD based decomposition 
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of logic functions with application to FPGA synthesis'^, 30th ACM/IEEE Design 
Automation Conference, June 1993. 

#^#f^^:5^S^8:T.Sasao, ''FPGA design by generalized fiinctional decomposition'"'. In 
Logic Synthesis and Optimization, Sasao ed., Kluwer Academic Publisher, 
pp.233-258, 1993. 

##f^:S:fi^9:C.Scholl and P.Molitor, '^Communication based FPGA synthesis for 
multi-output Boolean functions'^, Asia and South Pacific Design Automation 
Conference, pp.279-287, Aug. 1995. 

##fF::fi:SfelO:B.Wurth, K.Eckl, and K.Anterich, "Functional multiple-output 
decomposition: Theory and implicit algorithm''. Design Automation Conf., pp.54-59, 
June 1995. 

##ff:SCfi^ll :H.Sawada, T.Suyama, and A.Nagoya, "Logic synthesis for look-up 
table beised FPGAs using functional decomposition and support minimization", 
ICCAD, pp.353-359, Nov. 1995. 

#^#f^:SCfifel2:J.-H.R.Jian, J.-YJou, and J.-D.Huang, '^Compatible class encoding 
in hyper-function decomposition for FPGA synthesis". Design Automation 
Conference, pp.712-717, June 1998. 

#^#f^:SCSfcl3:P.Ashar and S.Malik, "Fast functional simulation using branching 
programs", Proc. International Conference on Computer Aided Design, pp.408-412, 
Nov. 1995. 

^^f^]5C^14:C.Scholl, R.Drechsler, and B.Becker, "Functional simulation using 
binary decision diagram", ICCAD'97, pp.8-12, Nov. 1997. 

#^#fF:S:Sfcl5:A.Mishchenko and T.Sasao, "Logic Synthesis of LUT Cascades with 
Limited Rails", «^^W^il{t^^VLSI^tfS^W^^, VLD2002-9, mmM 
(2002-11) 

#^^WlSCSfcl6:M. R. Garey, D. S. Johnson, "Computers and Intractability: A Guide 
to the Theory of NP-Completeness", W. H. Freeman & Co., New York, 1979. 
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[0010] ±mm^mmi^mfti(i)-(7)(D:^mi^x^^m-^mmm\'t. i^tih^^mtiws 
mmm(Dmm^^(D^mtL.xft^m^^:^mx'h^tm^K.^\,\ mK.it ^ mtb 

[0011] itm^'^mwm<Dx^ic^ 'r^x(D^mmmmrv:^j:^^^m^^\^^xh. 
f^i^^mib^imox. wmmt!^m7!>m^vx\,<x^fs:^mmm:i^4^\^\ mK.it 

. AtfmWcP^ip .P .P .p )(PeB', B={0,l})S:tJ^Q=(q ,q ,q ,q )(QGB'')^;!)P^b-CW 

1 2 3 4 1 2 3 4 

ti^mR<r ,r ,r ,r ,cout)iR^B^)^mtiir^xo^j:M\w^xi-i^ ^^(Dmmmr 

0 12 3 

i.timM.x\ 't^x(Dm(D^W:iitmr'r^mi^'t(Dmi^Mm^^mtimm^ikm 
•r^o ^<D^oK. 'f-^x(Dmm^mmrv^j:^^^^mx^mvm:b^ti^mti^m: 

[0012] g mmmmm^ ^ mmts^m:mir^m-^. a e^i^spm^iimi-SLUT^^/ 

[0013] \^i)^\^f^^^h. ±Mm^m/n\z.mmz.^mh^n.mx\t^ ^mmtsmwi^^'r^ 
[0014] ^fc. ^m^m^^MnmWi:if\z.m ^x\t^ ^mtim.^'S^-^-i'xAyir^xcDK 
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[0015] ^^x\ ^mm(Dmi(D s ^it. -m^£^mtimmmmim\^xm.mmcf^m 

[0016] *fc. :^mm(Df^2(D g ^fi. h^^h'^T^iy^Hitl^mm^^. LUT^^yhr? 

[0017] ur(Dmmx-i-i. ^ir^mmmxmm'r^^wj:mm\^-^^^x^mu ^mm(D 

[0018] [l]fflM<^^a^ 

mm^^^^^xlC^Wir^t^. x^F(^^i^7f?—h^^ (support variable) J i:V^5o H 

[0019] [^^2] (^^^aM^) 

i^^)<^MI^F(X) : B"^ B-'dnft^jtOi^^) ^r^rfe^aSI^ (completely 
specified function) J ^l^lx mf)^2&.±.(D^imL<Dm^^^^^^m^^tim 
^(completely specified multiple-output fiinction) J irV^V*^ m=10#-n'Srr^:^5£^ 
^ — HlJ^M^ (completely specified single-output function) J i:V'»'5o 

[0020] [^^3] (^^^^^g|^) 

fc5B8l^f(X)(^)ii^^;5S0-C^>l-T?^>a;V^::i!^^K:/^•>>'T (don't care) J^V^V^, d^ 
IS-To I^S^»(eB". n^^M(D^-^)<DmmF(X) : B" ^ {0,l.dr(m{*ft:t 
<0 g ^^) ^ r:^^ife;^^M|^ (incompletely specified fiinction) J k\ ^Oo m;d52 
J^_b<^ S#{^ii:<D^S:r^^ikJ£a#m;^iil^ (incompletely specified 
multiple-output fiinction) J >V ^, m=l<D^^^ Typ^^^^^— tH;^ ( 
incompletely specified single-output function) J '^^o 
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[0021] immnmm(D^m 

1 2 n 1 

{X HX}^^o{X } n {X }= « (Dt^^ XKX ,X )^ ^XCD^m (partition) J ^5o *fc. X<D 

2 12 12 

^^o^@^^|x|-e^i-„ 

[0022] mmsM^mm) 

mmm^FOOicML-x. xcd^sij^xkx ,x )t-r^. *fc. ix i=n . ix i=n t-r^o ^ 

12 112 2 

MM.-Vh^X^fS:M^. F<Dr5>j||^ (decomposition chart) J i:V X^^T;^ 
m^Wc (bound variable) J . X i|r r g S (free variable) J ^5o --"C. 6^m<D 

2 

1 2 

[0023] [^^6] (^J«$ll*. >?iJiill:) 

^m(Dmti:^^l^<^—:y<Dm^^^Mm^(co\umn multiplicity) J i:V^V^, n 

-fo ^J^-^iJ'—V^S^-rM^^r^Jgl^ (column function) J ^5o 

[0024] C^Jl] 
[0025] [^1] 

00 01 10 11 

0 I 0 I d I 1 

1 1 d d 
d 1 0 d 
0 I d I 0 I 0 

$1 $2 ^3 ^4 



^2 = {a^S, 2:4} 



00 
01 
10 
11 
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[0026] CSa7] (ONP^. OFFM^. DCMm) 

f(x)=o. 1. d%:mtcirr^X(DX<DM^%:.^ti^ti. roFF^-^COFF-seOj. ro 

Nm-g-CON-set) J. rDCA-^ (DC-set) J ^VNV>. f '(0). f '(1), f\d)km'f-o WiM^Wc 

X ( e B") (D^^±mmm^^x)t-r^o oFFm^'\o)izm-r^ir^x<Dxizi^M 

^tv^^(OXlC0^>£ti^^-:5(tSP^^rOFFii#:(OFF-function) Ji:V^V^. f 

.0 

[0027] [^1] 



[0028] ON^-ai''(i)l-Mi-S-r-<T<DX('i^^/|;:-5{t. ^ni^^<DXiv:o^^^£:<5{t^ 

M^t: rONia^ (ON-fiinction) J ^V ^, ft^iTo 
[0029] [^2] 



f 1 (Xg/-1( 
1 0 (otherwise 



[0030] DC^'^"*(d){cMi-5i--<-C<DXl^:i<Sr*j-^£:-:5Jt. •?rti.j^^<^x{c:o^*fj^:^(tS 
11^^ rDCBII^ (DC-function) J ^v^v^. f tmir, 

[0031] [^3] 



f 1 (X€/-^( 
1 0 (otherwise 



[0032] f(X);42^^SaBaiS©»^ia, OFFBi» . ONM»f SrlSSCS^-rS. Itli 

-0 _1 

[0033] [^4] 

Lo-KX), f_x^f{X) (4) 
[0034] C^aS] (^:^^^il^(^#ttMI^) 
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A;^^^%x=(x .X .■•-.x)(GB")i:U ^^^a#m;^SI^^F(x)=(f (x),f (x),-,f 

i 2 n 0 1 

m-l 

W;t>ISr3ffiii^F<0 mi^mWc (characteristic function) J irV ^5 (*#ff :ft:mi4#fig) o 

;^r-c% Y=(y ,-.y )itmt!^m^^mx-h^o 

0 m-l 

[0035] [^5] 

m— 1 



x(xy)= /\{y,^f,(x)) (5) 



i=0 

[0036] nA;^mtli;^M^(D#i4il^f*(n+m)^iC(D-'||t|SrSM^-C'^«9. A;0^^ 

i 

{x=i,2.-,n)(DmK. ^mtifij=o,i.-",m-i)\znL.xmt!mmy^m\^^^o b={o.i}^ 

J j 

-rSo XeB";6^oF(X)=(f (X).f (X),-,f (X))GB'"^i-§o V>*. Y^B'^t'T^t. mm 

0 1 m-l 

[0037] [^6] 



[0038] •^■^%m-^\^timwi(Dm'^mm^. y<:h<Dmf-^i^^h.\^ti(Dm.^^f^^(oo 

[0039] [ic7] 

/i_oW = /iW, = (7) 

[0040] \m\ 

m— 1 

y)= l\ iVi ' fi.o V Vi • (8) 

[0042] [ifi:9] 
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Vi ifiJ) V fi^) V Vi V = yjiji V yifi_i V /.^ (9) 

[0043] ^(8) . ^(9) ^^sa#ti:i;^ii#:c^#tiBi^^*£esbr. ^^^mmmm 
[0044] [^^9] i:^^^'^mmm(D<i^i^mm 

1 2 n 0 1 

. f (x))ti-6o i<z)^#. igJiTO^do) Kx^Mm^h.^mm. % (x, y)^^^^^ 

m-1 

m^m:bmm.F<Dw^mmt\^^% ^^x\ Y=(y ,-,y )fim;^^^i-^^T*fcSo 

0 m-1 

[0045] [iclO] 

m-1 

[0046] C^J2] 
[0047] [^2] 





X2 


X3 


X4 


/o 


fi 


0 


0 


0 


0 


d 


1 


0 


0 


0 


1 


d 


1 


0 


0 


1 


0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


1 


0 


0 


d 


d 


0 


1 


0 


1 


d 


d 


0 


1 


1 


0 


1 


0 


0 


1 


1 


1 


1 


1 


1 


0 


0 


0 


0 


1 


1 


0 


0 


1 


0 


1 


1 


0 


1 


0 


1 


0 


1 


0 


1 


1 


1 


0 


1 


1 


0 


0 


1 


d 


1 


1 


0 


1 


1 


d 


1 


1 


1 


0 


d 


0 


1 


1 


1 


1 


d 


1 
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[0048] [^11] 

/o_0 ^ XiX2Xz V XiX2X^ 

/o_i = X1X2XZ V a:i:r2X3 V 

/0_<i ~ X1X3V X1X2XZ ^^j^^ 
/ijO XiS2i2?3 V X1X2XS V X2X3X4 

= X2X3 V 0:2X3X4 

/l^ = X2X3 

[0049] mi2] 

X = {^0(^*1^2^:3 V XaX2X3) V yo(^1^2iC3 V X1X2X3 V X1.T2X3) V (^1X3 V 0:1X2X3)}. 
{yi(xiX2X3 V X1X2X3 V X2X3X4) V yi(x2X3 V X2X3X4) V (X2X3)} 

(12) 

[0050] C^aio] m^mWcr^^^M^y^) 

^mtimmmmFOOKf (X),f (X), • • • ,f 00)(D r^t^M^-^^^^^^:^ (Binary 

0 1 m-1 

Decision Diagram for Characteristic Function : BDD for CF) J ttt. ^li^ti^MM 
mF(X)(D!^i±mmx(X,Y)^mmrr^r.^^^^y'7 {Binary Decision Diagram : 

BDD)^v>5o iS.U r.'^^m^'7:7(Dmm'i. mmM.^M:±^tl.itt^^ ^mym 
tii'6fe#i-^A;b^mxGsupp(f)<t«9t>T^(c®<o supp(f){*f(^^fe#^^<D 

i j J i 

[0051] [0(13] 

[^Ji^t^«9] 

[0052] [ 1 1 ] (^J^l^*) 

m£m^~^^^M^yyKi^\ ^-C. ttJ;^^^i-gS^yj( ^ Y) jO^^mSK (edge) (Do 

tii/^yO^tlS^ (parent node)d^e>fiH^y<D^||: 

j j 
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{Jl^tLTllfT-rSSfef^^. rtii;f;^^y^(DM^&^* (removal of the output variable 
y_i by shorting) J '^^o 

[0053] M.i^mKm2^m\^^xmis^^^^(Dmm^ir^o m2{a){z^i.fz.x^^m±}^mir 

j j P j q 

p q i 

m:h^m-rMM.y(D'r^x{z-D\,^xnt>h(Dxh^o 

j 

[0054] [.mmi2}mikmm-^^Mi^9-7(Dm) 

(z .z ,-,z)^#ttM^r5>^^i^^:7(D^^Jilj^i:i-5o:i^T%z 

n+m n+m-1 1 n+m 

k+l 

[0055] ^^z(^0^<Oii5$ (level) ^fi. H^^^^^^^fil^JV ^-Cjlli^<5{tfetbfc^^^^:*5 

i 

M,{z^^fxmm-^ifhtitimmmm^p=iz ,z ,"-,z)b'r^t.m^z(Dmj^<o 

ivHn n+m-1 1 i 

M^mttii^o z.<Dt^^ l«z.z^;Iov^Ti>j(o^#. ^^zj*^l^zj;t)t>i^<i (wgh 

i j i j 

level) -e*>5(x^«^z^iig^zJ;«9t)^s^-e&s)^v^5o *^c. i^$i-eo#s«. 

j i 

i i+1 

[0056] C^»|4] 

m 1 (b) (Di^i^mmr.^^^^'^y tc*3V >Tf*. i^iSfili^ (#ttMI^1fi;&S7-</i-# 

2 14 
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1 1 2 

4 1 

[0057] BDD^ffi V ^fci8^5>^^C*3V ^-C. BDD(DlI>S^i^JmltS u f-^UV n„ ( C^^] m 

12 1 

2 

[0059] [^13] 



[0058] Mfc5m-cti. fCx , X )=g(h(x ). X )^^mi-So 

12 12 



flog2H<|Xi| (13) 
;5S^!fe3i«^#. X ^AiJ^U^JM^(^#-^^^^ifei-^h(X )(Dm^t. gCh.X )(DlHll^ 

1 I 2 

[0060] C^ai3] (HVh -^T^-^T) ^^OfiJt)^^T) 

0 1 m-1 0 1 m-1 

i i i 

^"•f®?rtf5vli:SrrKi^h"irT'^<D^iC<^#J«9^T (don't care assignment) J >Po 

i 

[0061] [#[14] 



1 (if [/f > = 1 A /f > d] V [/f > - d A /f = 1]) 

0 (if = 0 A /f ) = d] V [/f ) = d A /f ) = 0]) (14) 



[0062] i^mi4^mm<Dm±) 
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a b 

^(j:-e#5#-^. f r M3ii-5 (compatible) J t\ f — f tmiTo 

a b a b 

[0063] mmu 

Hoo^^^^aM^<^#tiil#c^x . X hrr^o x—x K^x =x xj^t 

a b a b cab 

X ^x K^x ^x :6^^^Lir^o 

c a c b 

[0064] C^J5] 

1 2 1 3 3 4 1 

2 1 2 3 4 3 4 

[0065] [^3] 



= {xi , X2} 

00 01 10 11 



X2 — {Xti, X4} 



00 


0 


0 


1 


1 


01 


1 


1 


d 


d 


10 


1 


1 


0 


0 


11 


0 


0 


0 


0 






*2 







[0066] mmi5^ m^L^^-^) 

compatible graph) J t\ ''^o 

[0067] i2^^mM<Dm^^mm. 



wo 2005/050494 



15 



PCT/JP2004/017263 



[0068] CT/V=fyXAl] 

(2)S5^v(^2o(0^fiiS^v . V tim^-r^:dm^^; 

0 1 

•m^vmffhii^. V . V KMvxnm-t^; 

0 1 

0 1 new new 0 1 new 

0 1 new new 0 1 

[0069] me'] 

[0070] [^4] 





•1-2 


2^3 


X4_ 


fo 


fl 


0 


0 


0 


0 


d 


1 


0 


0 


0 


1 


d 


1 


0 


0 


1 


0 


0 


0 


0 


0 


1 


1 


0 


0 


0 


1 


0 


0 


d 


d 


0 


1 


0 


1 


d 


d 


0 


1 


1 


0 


1 


0 


0 


1 


1 


1 


1 


1 


1 


0 


0 


0 


0 


1 


1 


0 


0 


1 


0 


1 


1 


0 


1 


0 


1 


0 


1 


0 


1 


1 


1 


0 


1 


1 


0 


0 


1 


d 


1 


1 


0 


1 


1 


d 


1 


1 


1 


0 


d 


0 


1 


1 


1 


1 


d 


1 



[0071] (^4) (DMmmm^x^xm^ti^^^^^m4^mtimm^<^mmmr.^^m 
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[0072] T/>=f}}xj^i(D^y^mnm:^mi^. mmmj:MiMWc(DnmKn^^t^:h^o u 

=i^^^i^'7'7<Dm^m^ir^ir-<x(D^i^mm(Dn^^^m^. -^v^^^^n 
[0073] mw^\^i^\ ^T. •r^x(Dmmw(DniLm:m^. niL^y-^^i^^x^. 

[0074] CT/p=i'yxi^2] (^y-^^-a-i-.tsfifi.'^^a) 

a 

a 

a 

(1) s <Z)ttJ-e^#:ft/jN(^)IS;^^||-<. itb^i:i-So sMv}^f S„ s <Df T?v(j:g? 

a i i i a i 

b 

(2) s =^<t>(Dm. ^:ir(Dia), (h)(Dmi^^m^M-r; 

b 

(a) S <D^X^Wi:Mc^h(DmMv^m^. S*-S u{v}, S Ay}tir^; 

b j i i j b b ] 

(b) V Kmm^X\ ^/^V ^®i^^S d^6>^*i-5 ; 

i b 

(3) C«-CU{S}, S^S -So 

i a a i 

[0075] m±i^yy±Kisn^^v—^M'^i^x^^^^m^mm\^x. ^(7)T/w=*'yxA3 



wo 2005/050494 17 PCT/JP2004/017263 

[0076] [Tyv=fyxA3] mi±mm^^^M^9y(Dmnm) 

T^<Dmm(Dm^^x^m\ --^(Dmmmmmnmm i^-r^; 

(5) ^mmm^ (4) •T?f^fifeb:rc#j ^ mmmm^L.x^ i^i4M#[-^^^i5^77^ 

[0077] ;i(D^^:7i|igiiJ^^::^fe(^infi. #ttM^o-t-^T<Dgp5>M^(Dj^5t14^^f^6^ 

[0078] (2) nmwBmmwc(Dmm^tLUTm^<D±^ 

7!)^X^^o 
[0079] CSSl] 

12 12 

-7<Dmm.^^ix .Y ,x .Y #14Ml^z:^^^>/7:7oj«$|x |+|y |(c:*3 

1 1 2 2 2 2 

m(0'j^^^t^-^-\'^n:mmmxi^. ^(15) icj;9^$tbs„ 

[0080] [^15] 

w=riog2VKl (15) 
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[0081] (mm) 

1 2 

1 

1 

2 

|+|Y |(J:43}tSBDD(Di|is;^Wi:i-So V^*. iSl^^g(h(X ).X 

2 12 

[0082] [1^16] 

\log^W] (16) 

[0083] m'&mm~^^^^=7'7(D^nmJ'm.^^'m^t±M [^ai] ^^fu^b-c. 

[0084] i^-r. S6<J^ai8»=(f,f,-.f )oi^ttMic-:9'^3^i/7:7(O^^Ji|g^>6S(x ,Y 

0 1 m-1 11 

.X.Y). Y=(y,y,-,y ). Y =(y ,y ,-.y )T^fe6fci-So ^O^-^. y=f(X )(j=0.1, 

2 2 1 0 1 k-1 2 k k+1 m-l j j 1 

"■M-i)nm3(om^mm.mm^-r^o -i^. i+|y \\z.^n^mmikr.^ 

2 2 

1 2 

•••,h ^-rs^. y'n^y^GCDmtimm ,h .-.h ,x )^xtim.Wit-r^wmmWih 

u 2 1 2 u 2 

[0085] [^J7] 

:*:^-e}*. 2o<^2tVh(D2)imtr;!W^-t-5lHlj^(ADR2)§r. ^mmfJ^^iT^m 

m^^m^m v ^-r ^mi-S»^f-ov ^xiJiPJ-rSo adr2(Z) a M# ( 1 7) 

0 12 
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[0086] mm 

ai ciQ 

+) h fcp (17) 

52 Si So 

[0087] [^18] 

So = a^^bo 

si = oo&o © (ai © 6i) (18) 
S2 = ao&o(<^i V 6i) V aifci 

[0088] ^^<D5>flji:bT. X =(a ,b ), Y =(s ), X =(a ,b ), Y =(s ,s )^43<o iO^^. 

1 0 0 1 0 2 1 1 2 1 2 

(X ,Y ,X ,Y )=(a ,b ,s ,a ,b ,s ,s )tti:^o ^oT. ADR2(D#ti|i^^5>^^ 

1 1 2 2 0 0 0 1 1 1 2 

^9-7^^ meih) \zxy)m^ti^o z=(z .z ), z =(x ,y ), z =(x .y )<Dj;5te:5>fJU z 

A B A 11 B 2 2 
A B B 

0 1 

[0089] l^lcBZ J;^9«^^$^^5#^4M^- 5>^Si/7:7(* , 137 (a) <DXo i^^i:^o 

A 

1 1 

TBDD) l^^J^-rSi^^^^-e#^o 1117 (a) (D^9:7^m^ir:^^t\^X^nhfv^MTB 
DDf*. |g|7(b)<Dj;5{-^^So ig7(b)<DMTBDD;6^b(Hlj^HlC+B^-rSLUT^|g7( 

c) (DXO iJi^^i-5^^ds-e#s„ 
[0090] ^id, ig6(D«^+4iim-5>^^iJ^^:7icov>T. ^\z.mAi.fcmu^^^m^Wc\^ 
fflv^-c. 1216(b) td^Lyhi^14Mm-5>^^i^^:7(D5>fmJ:«9t>±§lS^. h ^Ati 

1 

^^^i-S^^Tlc (decision tree) -eg#J^X.So ^tl.lil<t?). ^i^M^Zl^^^i/^ 
7Jiia8(a)(Dj;5l-^?l^$tvSo 1^. ®8(a)-ei>#14iS^1iaO{do;&d55^fiigixM 
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[0091] i3:7i^mm<Dm^Rx)^i¥m 

1 n 

^) ^LtU;^ {^iK^-h • <5rT^tp^^^^ail^-efe5# m;^f^aB8^F(x)=(f (X). 

0 

-.f (X))l::^UT^(19) KX^^m^tl^Wikmm X (X,Y) mU Y=(y ,-,y ) (m 

m-1 0 m-1 

-5: 

i 

v^-c. mm$¥mmmMimt>^mmz (z e(xuY)) izn^^Mmmy^^^^mc 

i i 

mmmmz, (z ^ (x u ¥» (Dm7!)^o(Dt^Rxj^i(Dt^ Km^ir^^<D^mM^<w^'r 

0 i 1 i 

v:yh'^Tizmm^m^mx^^tizx^xm-(Dmmmisirmmmmmi 

assigned column fiinction) J ^5o rtt^<Dfffc?feS>J^^Jil#:^ffl 
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[0092] [^19] 

m-l 

xiX, Y)= /\ {y,f,_o V yj,_i V f^J} (19) 
f , f . f ^tV^tt. ^(20)-e^a$tl^OFF|i^. ONM^. ^OTC 

LO LI td 

[0093] [#[20] 

/.-oIa; _ I ^ (otherwise) " | q (otherwise) ~ | 0 (otherwise) 

(20) 

[0094] :i(Dmm^x^. ^mmm^^m^^^<Dm^iev%:wtm-r^t. mmm^m^m 
[0095] -m^. r.^^'^^y'7^m\^xm^^m^nom^. ~^^^m^'7V(Dmm^^ 

[0096] ^lil0>g(^:#§i/7:7#egiJ^^^g(Dm2(D«^{*. H^^iB^10«^^C:^oV^T. 
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>h'^rK^wct:m^mxxm-(Dmmmmwct-r^^tiz^^^wimii^^mm~^ 

[0097] r.ofli^t;ij:tt}^. mmm±m^mK mM.y'-i^mm^mzLmm^titcmj^'r 
fih^nmmmm\^f^mmm7^^\^^m^^mummM^y'—'^^^m^xm 

m±^^^ir^m^m:mm.xmm^'f-'$'(D^m^noo m^. ^v-i^^m 

^r\z.^m^m^xxm--(om^mmWih'r^o ^i-t. n^mmm\^i:^. 
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[0098] &,±(DX.o {-bT. ±3£&(DT/v=f yx^3(^ (1) — (5) ^Mnu mmWi<DmtL^y'7 

t^x^^tz.}i).mi)x^^m\m'imm^^^^mi^'7'7<Dmmmir^^t^^ 
[0099] :i^-e. i^^v—^^m^^Yi. ^v—i!^^^m.ir^^K. m^Li!^9y<D'r^x(Dm 

[0100] ^mmim^i^7ymmmmm(Dm3<Dmmi^. mmmixim2(Dmm'Z^\^^ 
m^\^t^^xm^^^m<Dm^iev<Dm^^mh(Dxm. mmmmBBDnm^^ 

[0101] r(D«^lcj;tbfi. #ttli^-5)-^^i5^^7(D«IH^(D]ib$t(D^^gH;SCO*$t-l 

-h^m^Mvx^mmm^mwiir.^^^^9:7(Dm^mmir^:it7!)^-^mtfj: 

[0102] :*:^BJ{C#^^ailII^^^^g(D^l(D«^tfe{*. A;^^#:^X=(x ,-.x ) (n^ g 

1 n 

mm t-r^^mtimmmmixxf 00,- ",f (x))o#i4ii^-^^^i/7:7;6^b> 

0 nr-l 

riyz^'y'—-:f/i^t:^m'r?>wsm.m^^mmx:^ox^ &.r(Dm^^mx.xy^ 
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0 m-l 

KX^^m^Mm^mmx(X,V)mU Y=(y .-.y )(m^2. me ^^mnpooo) 

0 m-l 

i i i 

u Y)) KH-^i^ti^^m^^^^M.mzmm^m (z e(x u v)) (Dmm(Dt^Rui 

i i 

0 i 1 i 

0 

1 0 

irm^y (^Y)iz.mi:»^m}^vRrf't<Dm.wj^v(Dmuy'—^i^'^^^x^ mmm^v 

r j k 

j 0 j 1 j a j 

^w(DmWMy (D^e (v ), e (v )<^5*j^^fifi^v?r#^-r^^e (v mmW^y 

j k 0 k 1 k j c k j 

a j b j 

mi'^m^xh<>xmt&^m(Dm^ievxm^^m^Kh^0mi^mMKmir:^^(Do 



wo 2005/050494 25 PCT/JP2004/017263 

1 0 

^^W-r^H^T^c (binary tree) ^±mi-^tthK. tf|fBfifi.'^7^-://HBlt^^(:i 

0 

[0103] [1^21] 

x(X,y)- /\(y,^/*(X)) (21) 

[0104] [||C22] 

« = [iog2 (22) 

[0105] :L(Dmm^^fnt. 

0 

^ra^i^^m^^w:. ^(22) {z.xox^m^m<Dmmu^wmi-^o 

0 
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-e^^o :L(DLUT(DmM. U^^^yB {zmir^mtimm =(y ,-,y )lSLXI\xm 

0 0 0 k-1 

1 u 

[0107] (c) mm^. BDBnm^^m^. um<DMmAtimi^m-r^r.'^^^^mv. 

1 u 

[0108] i^±(Dx^f;i: (a) - (c) (D^s^jib>9iE-^ii . g &^mmmmit.mm(Dw^mmim 
[0109] :^mm^x.^mmm^^mmux\-x^ ^nm(D^m.^. ^^^^^b (Di<i^^m 

0 

0 

So t^^oT. \m.^'Pum(D;^^^)^m\^x^mm^^^mm^'M^-r^^ti)^^^ 

0 

[0110] i^^. mi^m^^mz.x^mMW^^^m\^m^x^ m:m\zMM.'r—y^;v(Dmi&^ 
[0111] >is:^egfj:^5H^aiHii^'a'^!fe^eo^2<^«^fi. mumKomm^^^-^x^ mm 
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0 m-l 

(X.Y)(faU Y=(y .-.y )(m^2, me i^^) }*F(X)<DW;^$r^-t-^#:o 

0 m-l 

fiS.^v{;ioVNT. ^^#«fiH>^{-B8t>^^mz (z e(XU Y)) {C#4-$*L^^#C7 

i i i 

-^/v^t;?i;i^^^#[z (z e(xu Y))<Diii:;&so<D^#^tJ?l(Di:#(C]g^i-:53fe<^^^IH 

i i 

0 i 1 i 

o 

[0113] 5^c^eg^;I#s^allIl^'^^!feiiMoB2o«^fe^^. ««fi5^2<^«^{c4ov>r. 

[0114] r(D«^(;ij;«9. ^^^^mmwc(D^\^mmr.^^^'^^^'^(Dm^nmvfc±xi. 

[0115] :$:mmim^^m^)^^^mm(Dm4<Dmmit. mmmi7bm3(oi^tii^-(Dm 
Mis#m;^^sBi^F(x)(D^m^^^i-^asimf (x),-.f (xmmm^n = (tc 

0 m-l 

[0], 7c[m-l])({aU 7c[i]=j«.fdSi#g-efe§C^^^^-ro)^UffeSlimf(e 

j j 

F(X)) ;6S^fe#i-5A;^^^<^m'^^supp(f)^b/ci^#. ^(23)-t?^$H5T<^1ia3&5ft 

j 

/J^^^<c^J;5^-H^^ls#m;t»msll^F(x)<z)^^(DJl|M;^ tz ^^•^-r^mtimmm^ 

i i 
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[0116] [^23] 



m— 1 



A;=0 



[0117] [^24] 



|Jsxipp(A{ij) 



J=0 



(23) 



P = ^s«pp(/^(oj),y,|oj,supp(/^[i|) - supp(/,[0|).y^li|,supp(/^2l) - ^^SUpp(/^|fcj)^ ,77^12], 

• ••,supp(/»(m-ii) - ^X!**"PP(-^''i*i)^ .VAm-nj 

(24) 

[0118] ^ffl6*i?&#ffi;^^aM^<D#14g8^-^^^>?'^>'«. il^«:;6-jfc«?<^:^#$^ 

0 m-l 

j i j 

[0119] :^mmK^^t!^9^mnm:^^(Dmi(Dm^tt^ a;o^i^^x=(x .-.x xne 

1 n 

0 

•••,f (X))t;iML-C^(19){Ci«9^a$tL5#ttM^x(X.Y)(mUY=(y ,--,y )(m 

m-l 0 m-l 

^2. mG g^^)«F(X)C»tti;^^^t- )^^mi--5#14lil^-^^^i^7:7 
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mmmi^^^m (z e(x u Y)) icH^^ti^^m'7^^i-mmz^mmm (z e(x 

i i i i 

\JY))<Dm.t^O(Dt^:BLXJPi(Dt^Km^ir^^(D^mM^WMir^—M(Dm (v). e 

0 i 

I i 

mmmj^T-^Mzx<>xmm^timi^mmr.>^^mi!^yz7t:^^\ir^m^m 

m^mir^^ti^x<>xnhM^^m<Dm^mirmwcxh^mmm.^^^ir:^m 

^tj«. mmmmwii^^y'yyKis\^x±^^tL^^mm^<D^-h. n^-r^^i 
mmn^M\^x\^'>^h'^TizMWc^mmx^^tizxoxm-(D^mmsxrm^ 
mmmt\^^%)i^ir:6tthi^. ^tih<Dmfcfj:wmnmm^m\^^xmm<m&mm 

[0120] ^mmim^^9:7mmm:^m(Dm2<Dmmt. mmmi(Dmm^^\^^x. mm 

/>t\.xmmir^fctb(Dm^^y^mmmm^m:^x^^^ 
ir^mmmm^M.'r-^%:±mLrxmmm^^y^mm^m^^^'r?>tthi^. 
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mmm'r^mmm<Dvi^h'^Tiz:m.m^w\v)mxxm-(Dm^^mwctir^^t 

[0121] ;^^?g{;i#.§^^:7il.IgiJ|^;^fe(D||3(Dltfife{i. H^^fEmlX^im20«^^c^3V^ 

[0122] :^mmi^^^Wamm^^m:^m<Dmi(Dmm-i. a;^^^^x=(x .-.x ) (ne @ 

1 n 

0 m-l 

21) tCj;«5^a$^x5#ttMi5: % (X.Y) (mU Y=(y -.y ) (m^ 2, me g f^m it 

0 m-l 

i i 

(z e(x U Y)) im^^ti^^m.9^Ji^mm:i^m^m (z e(x u y)) (^)ffi[;iSO<??^t 

i i i 

0 i 1 i 
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0 

1 0 

r j k 

j 0 j 1 j a j 

M.y<DmnUv O^e (v ), e (v )<05'^S^fiii.^v^4#^i-S^e (v mmM^v 

j k 0 k 1 k j c k j 

a j b J 

i^mmr.^^^^9'7%:mm^m(DWb^\ev(D'^mmi^^\'^x2-D(Du^i^^'7B^,B 

1 0 

Rx^^ mm^mmwcnm:^T^y'>^iz^\^^xwm^fhitmm^m^m(Dmm.utm 

0 
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[0123] ^mmim^mmm^^m:ijm<Dm2(Dm0.i'i. mmmi(Dmmicis\^ ^r. mib 

1 n 

^r^t^^^±mmmmx'h^4^mt!^mmmF(xxf (x), • • • .f (x)){;i*)-br ^ 

0 m-l 

0 m-l 

i i 

(z e(x U Y)) {c:#^$tl5^l^7-</VMU5(- ^^^^z (z e(x U Y)) (Dmfi^O(Dt% 

i i i 

^tJ?l(D^t(C^#i-55fe<^T-fiH.^^#^i-S-^(^^e (v), e iw)f)^hf^^m^'f 

0 i I i 

[0124] ^mm i^m^wsmm^^m:^m<Dms(Dmm^. mimm2(Dmm^^^ ^-c. 

o 

[0125] i^mjn\z.m^^w&mm^^^ijm(D^A(Dmm-±. mmmi7b^3(Dmfht^-(Dm 
fife^;l*5v^T. tuia#m;t»l^aM^F(x)og^<^^<e-r^aM^f (x),-.f (x)ojiHi^ 

0 m-l 

^ 7c = ( 7c [0], • 7c [m-l]) (ffiL. ?c [a=j}* . f >dSi# g -efeSrt^^i-o ) Ifeffi 
il#:f ( e F(x)) ds^#«A;^^l:o^'^^supp(f)^Ufc^#. ^ (23) xm^MT 

j j 

<7)^^I;65S/j^^/^5i5^-tMlB#W;^>^aM#cF(X)(D^^ojliff n ^^"^ir^mti 

i j 
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[0129] u±(Dx^{^. :^^m{^^^^'^^mnmmm:Rxf^yymmm.:ffm^xmt. 

0 

[0130] [|2|l]#ttM^-^^^iJ^^70-'^J^^i-|aT'feSo 

m2mt^^m(Dm^^m^%:m.mir^tlib(Dmxh^o 
mx^o 

m4m4(D^^^^mmm(D!^i±mmr.i^^m^'7^i,zMvxr/^^:^Vy<^ii^x 
^ii^<Dnm^nom^Mirmxh^o 

m5-]mm}m^^n^fc^(D!^^mwc~^^^^7y<Dm^^m'rmx:h?>o 
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[0131] 1, 1' t^mmm^^mm 

2 ^atfc#iBti#^ 

3 Atimm 

4 mtjmm 

5 mtimmm^^^^^ 

6 ^^mmm^^^m 

7 BT>U^^^m 

8 mj^T—y'juw.m^^ 

10 ^iRjil^^^^^ 

11 mfi^m^^m 

12 BDDi|isOT'J^^ 

13 ^m^mwm^m 

14 LUT^Iife^^ 

15 BDDS#|^^^ 

16 LUT|Bti#^ 

20 i/^^'iliSSiJ^^^® 

21 BDDi^^thail^^ 

22 ^^mmm^m 

23 ^JP^^^^#^ 

24 nmmmm^^ 
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25 m±^±^^^ 

26 MS:i/7:7|Eit^^ 

27 

28 ^v—^'f—^mm^^ 

29 #J^BDDS«^^^ 

^Jfe^ll 1 

[0133] mio\-i^^m(Dmmmum^t^mm^^mmmRxj^^(Dm7amm(Dmj^^m 
mi^mm-r^m^^m^vx^^^o ^mmm^^mmm^ ztn^^j^^M.hx.x 

[0135] ^mmk^mmmxn-. ^t^mm^w^^^^. ^wm-^-^^m^. bdd 

. ^^^^#^11. BDDi|«Stha!l^^l2. tfJ^^^^ta^^ia. LUT^^^^Sl 

[0136] m;^i^^lil^St^^^5{i. #m;^^SM^f(x)(OM^<^jiSi*7c = (7c[o], 
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i 

[0137] ^fiji^^^^^^iof*. m}^y'-:f/i^mm^mi^^m^fifcwi±mm-^^^ 

0 1 0 

0 

[0139] |gil{*^l£^Jl(c43{t5^aillj^'a-^!fe;^&<^^#:<?5^tv^^i-7n— ^-V-bT* 

y'—^^m^mx.. ±M^^^fitzMik<omw^mz.%<>xm\mw^^^^^ 
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0 1 m-1 

m (j=0,l.-.m-l) KMVX. ^(Om;^^my/ei5^#-r6A;^^mx (esupp(f)){*. 

j j 1 j 

[0140] {imm,Y(D^mmm(D^^ 

mm^M^msi^^ ^las^^i, j, renew^oiciojS'fk-rscsiOo i, ji-am^-r^^ 

m^^mirmm(Dmm^W^m^n <n m n Cl].-. % [m-l])^0,l.-.m-l) 

0 0 0 0 

0 

0 

[0141] [1^25] 

y = (y7ro[0] , y-noW ) • • • J y7ro[m-l)) (25) 

[0142] m^. mtimkm^^^^^^n-. ^(26) osiit^^T5^^i-J:t)> ms^ % ^i;i*f-t- 

min 

^#[J|RJ^W#M^^«^ ^(26)co;&ia(7)M^-efc^o i<Dm;^^^lilii*i?#M#: 

0 

fOO)7!)^i^^ir^Ati^Wc<Dm'^^miro m^it. f=f(x ,x ,x ,x )xhM. IsuppCf 

j j 1 2 5 10 j 

j j 

[0143] [^26] 
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A;=0 



|Jsupp(/^„{i)) 



(26) 



i=o 

[0144] mt}^mm^^^^^5i-i^ i^ix-:h^f)>t'^f}>^m^ir^ (si3)o H<Dm 



0 



Kmmi\^\^t:M. (S14) . n (omm % ptmm n \s\h<Dum:no csis) » 

mtimkm^nmmm^%mir^ (si6)o 
[0146] mzn 



m— 1 

E 



(27) 



[0147] rr-c% mmk(Dmtim.mm^mmmmt>mmw\(Dmtsmm.^mmmm 
J;«9^>/J^$v > (T<T ) (S17) . n (Dmi!)mtim$i(om^t\^x\t^ 

min min 1 

0 1 

min 0 

^(S18)o 

[0148] mz.. j<m-l-efctVfi (S19) . j^lfctt-l'^^iJ'yp^VbbTCSEO) . ::^T-yZfS13\Z.m 

[0150] m^. i<m-i-e&ti.{i (S22) . iik(Dmtimk<om^^m'^\jn:.t^(Dm^(DXfhm 

[0151] ^'Ty-:fS22\Z.^\^X. i=m-l<Z)#^, iS g (Dmt}^^<Dm^^m'&\.fcm^iz 

-^\^x(Dwm^-mmTVfc^tiz^j:^o mu Mi^An^x.^^^}*. miiatj-c 

fcSdS, ^(D^pg-Cf*. jl|Bj^Atl^X.(?5M{*mX(m-l)Jl«9b;6^^T^5^^■CV^7feV^o 
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0 

renew;&Sl-e*>5/{)^^*5*^Sr#Mi~5(S24)o ^l^lT. renew=l-efet^f^^ i^O, renew^ 

[0152] ^±<DXoK\.x.mtt^m<Dm^n i^^mtimmmmnmmm (Dimm 

0 mm 



[0154] mt)^^(D]m^7!)^^^^fitc^. ^mmm^^M^^6i-i^ Atj^wcxRxj^mti 

^m(Dm^^^ (28) (D)ili^Pi;it*go-c^^i-5„ 

[0155] [^28] 



P ( SUpp(/^[0|), W,rl01,SUpp(/,(i]) - SUpp(/^B,]),J/^iil,SUpp(A(2j) - I ^ SUpp(/x|A:!) j ,y,r|2|! 



Mx^^o \j-cj)^ox. w^-cii. mti^w 

[0156] [#:29] 



nun 





ym (i = o,i,---,m-i) 



(29) 



[0157] [^30] 
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{xe\phXo[p+i], - • • , xe{p+g-i]) ^ siipp(/,i,i) - supp(/^(fc]) j (30) 

i 

i^, ^(30) ^cjoV^T( e [i], e [2],-, e [p], 0 [p+i],--. 0 [p+q-i],-. 0 W)}*. A 

i 

o 

[0158] (2) Wi^mm~^^^^^yy<Dm.^y'—y/^(Dj¥j^ 

1 n 

0 m-l In 

.y .-.y <^sB-^^^C»^*^ffl-f-^o ro^J (0-edge) ^(i. ^(^Sii^^Jd^J-^Si-^^ 

0 m-l 

#:<D^^i:(y7"7/v);^|So-cfe6^#(D|fi^^^(Da#^^i-;K(edge)^^v^v^. ri;Kj ( 
l-edge) ^c^l5;^{c^^£:i--5^#?^ffi(y7^7/v) ;inT**>Si:#<^SB;^r^oS 

[0160] ti§o-c. h^m^i^M!t^-r^^mom7!>^^K.htifcm^K^ ^(omm\^n^^ 

^(D=i'%^(DrY^-^^^m'tM. #i4M^-:»-^^i/77(D#j^ (path) SrilUS 
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[0161] [^J8] 

1 2 3 

1 2 0 3 1 

[0162] [^31] 

F(JC) = ifoiX), MX)) ^3^^ 

[0163] ^rT% ^i3i)(D^m:fjmm.mmf00(D^i^mm=:-^^^^^yyi-i. 014(b) 

J;9^§;JX'5o t^eoT. llIi4(b)(D#ttil^z:5>^^i5^^7l3:mi-Sg5^x->^/v 

o 

[0164] (3)^#:X,Y(D)l|j|j^(D^jg>fk 

i j 

[0165] [^32] 

af» 5*- 2/j (^^i ^ supp(/,)) (32) 

(fib. 2p^2,}i. m.%:zp(r>-m^iii^^W^z^<D-m^x.v)i^-0i^^ (2p(i 
ct«3i«'C^t?^bS) ri^^-To ) 

[0166] C^J9] 

^(3i)(o#m;0i^aM^F(x)-e^m§ti^^ati:^ic^uT. _hia(^^^iiM;^ 

p=(x ,x ,y .X .y )lcj;S#i4M^-5>^^i5^77<??@i^x-://v;a5. |g|l4<DJ;5l-;^ 

1 2 0 3 1 
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[0167] mx.it. ^mmmmm^\:.^m-A^±m(D^mm^p^mmp=ix^,x^,x^,v^,y)(Dxt) 
:L(D(i[mmmir.'^^^i!^y'7izMfi:-'r^mM.y'—':fMtm 1 5 (b) (dxo t->fc§o m 1 

[0168] :L(DXo^mmm^<DA^m^i^^^WM.y'—y/^<Dnmm^m'^fdo m 

. tfi;^x-://HBlt#^8rt (DIH^T^— ^Vi^f^Mff ttftt^tv^^v \ 
[0169] {A)lsuT-^::^^^\^mm^<D^^ 

[0170] lefiLUT^^jx^'jr— K|^3gigj^(^^^^3go^tttr^-r:7n— ^-v— h-efe5o 

„ )^+m+i(n(*A;tJ^»<^^#$(n=|x|). m{*m;^^#:Y(D:k:#$(mHY|)o )^-t- 

a CF 

CF CF t 

(=X U Y) iZ.m^t'r^ (S30) „ 

[0171] m^. ^fji^^^^^iof*. mm^itdifm'j^ir^ (ssDo -r^^^:?*>. 5>#j^<^ 

*$^lfc{tT{f 5o ^b-C. S-^Z SrZ U {z}^i-S (S32) „ vlCl-e> {z}i-tm^i(D^ 

temp a i i 
i i 
temp 
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[0172] m^. ^^mm^^mioit^ m^^-^m^^m'^ir^ (s33)o mwii^^m<D-^ 

temp 

[0173] [^33] 

[log2/il <fc A \Zt^p\^k (33) 

[0174] ±m^y'ry^s34<D^\m<Dm^. mmi^ii^-^mx':hfnt. m^. mmi-dnxh 

temp 

^^^^10}^. m-^Z tr^^Z {c:HffbT(S37) . y^y'^y:/S31Km^o 

a temp 

[0175] — >?>7"5/:7"S34{^$5VNT. M#c:9^jl^;6S^ BTB^T-fc^^^JS^ti^^'a-. i^fiJ^ 
^^#^iOfi. z o;k:#$;55|z |=|H|/6-^5;6-^^J^-rs (S38)„ |z HHl^fc^ff 

a a a 

[0176] ;^v^5'>^S38l;:43V^-C. |z |>|H|-efcttf5. 5>#JI^<^ii5$i^J5.T 

a 

(^i^^iJifeS^^^^^-^z ^z-z ^i-'6(S40)„ 0j^l^*^^ii«> 

b t a 

:py)^m±(o%^'!f=7-7\z.nvxmi^^=^t:noo ^!fev^-e. BDDi|istf-a!j#si2{*. 

a 

^0 is)sc{-. ^m^wM'm^m3\i^ w/v^u ^^(34){^j;«9ti-^-r^(s4i)„ 

a 

[0177] [1^34] 

Wa = riog2 /ial (34) 

[0178] LUTfe^^^l4{i. (Z ,Z )^^^(D5>#Ji:bT. f(Z)=g(h(Z ).Z )O?F0-eM^ 

a b a b 

5>^bfc^#(DM^h(Z)<OLUT^^^L. LUTtBlg^^l6{c:*&j^i-S(S42)„ -f" 

a 
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a a b b 

a a 

a b b 
a a i a a 

j a 

a b a 1 

ua 1 ua ^ 

m-^z }i>imir^'r^x(DA:bmmx i^z)^mAtitu ^m^mh ,-.h )tr 

a a a 1 ua 

[0179] ^(e:. BDDMIfife^^iS}* . (z ,z )^^^0:$>#J^b-C. Kz)=g(h(z ).z )o?i^-eM 

a b a b 

^^Vf:it^(DmWcgih,Z )(cov ^-C(D#^4i8^z:5)•^^^/^:7Sr^fife-r5 (S44) 

b 

a a 1 ua 

[0180] ^{c. ^m^m(DM^H^. u fliocfirB^^^ch .-".h xcicfr-r^o ^u-c. a-^z 

a 1 ua t 

^-^z ^^-a-H^tDfn^-^z UHi:i-S(S44)o 

b b 

[0181] ^{C. |Z |dSk^Td*^5d^^^J^i-5(S45)o |z |^k?feb{^. limg<^LUT^Sr^^!feL 

t t 
. LUT|Btt#©16l3:*&«ftb(S46) . ^LS^i^Ti-^o 

[0182] ;^7^5/:/S44{C^3VNT. |z|>k/.cb{i. 5>#Jm<7)i^$i^|Z|+l. Bj^^^'^B^g), M 

^Z ^-a-Z ^^-^H^OfP^-a-Z U Ht\^fzM. (S47) . ^-^^Z ^^H, il#C 

t b b a 

fSril^gtUr (S48) . ><.v^5/>^S311j:mSo 

[0184] u±(DXoi^. :^mmm(D^mm^^^mmiKxtnt. jt^6<]/>^»(^p<^y^ 

m^mm^t-r^^tfi^x-t^, 
[0185] ^^£*-c^^jfe^3giHi^^^#^;6s^bti.-cv>/jid^ofc. 4^mtimmmm 



wo 2005/050494 46 PCT/JP2004/017263 

[0186] {5)mmum 

[0187] |1|17^C^3V^-C. rNameJf^M^:^. nnMAM. TOutJ {4m;^J^. ^LmU^^f^ 

m-To mnnmi-i. IBM PC/ATKW^, Pentium (^^^^) 4 2.0GHz, 
512MByte, OS{*Wmdows(^i|!t^^)2000, cygwin±-egcc^fflV^•r=l://-?^/^bfc 

[0188] ;*:|§0J(^^m^Wi-^:^cie). #^#fF:S:illtl5tJ:|Em<^;^i*^<^)lt|{?SrtTofCo # 

^{C5>#JUTMTBDDT'^mb. LUT:^;^'5r— KT'|imi"^o MTBDD© 

iai7-e}i. ##fF:Scml5<D^^fe^^:ov^Ttt. — oOi//i'-:?'(Dm;^mf*8i:U-C. 
[0189] #^#fp:J:^i5<^^jfe-e{*. mm^ttLUT:ti:^'^—V(DUJT(DmWli^^^i^*^^^ 
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mmm2 

[0190] 11118^*. ^mM(DmMwmm^mnm^^)^mmRxf^(Dmmmm.(Dm^^ 
it#S8. mmm^mm^t^m9. ^^mmn^^mio. BDDtg 

[0191] ^mmmKi3\,^xh. mmmitmm. wsmm^m$Ym<DCADmmi^^^^x 

mm\Bi^-^mmm'^mm'r^m^^m-^\^x\^^^o ^mm^^^mmm. 

[0192] ^^:7i|ii^ij^^g20{i. %^^—':r)vWm-^^2,\zMM^f\JfdmM.'T—y^?v\z.^ 

[0193] mi9it. mi8(D^^'7mnmmm2O(Dm0.^m'rmxh^o ^y^mmmmm:2 

Of*. BDDf^$ti-S!l#^21. ^#m^^^^22. ^JM#[^fife#^23. ^JUmiB 
tt#^24. M3i;K^^^^25. Mi:i5^^:7iEljt^^26. i^y-i5'^fife#^27. iJ^y 

-^'y'-i$'mm^^28.R-cpm^Bur>nmmmm29^mx.x\^^o 
[0194] BDD^«$t^a!I^^2l{*. ts^'T— >^/^lE1it^^8^;IiB^t$n■cv^5g^i^■r— >^ 

^S#^22{*. K$t-t>&^t>l*T% 5xSijt^i«$lev^ll|M^^^i-^o 

[0195] mmm^^^^23it. mj^'T-'^mm^mi^mm^titcm^y'—y/y^:^^^. ^ 

mmwii9-</i^^^'r^mmmj^f—i^^^m^xm±^97mm^m26Ki^^-r 
So mmm.mm^m24ii. mmmi±^^^237i^^^'r^mmm^-^mz:mm 
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[0198] #J^BDD#«^!fe#^29«. ^V—^''f—^m^^St28iZ.mm.^tlti^i!^V—^' 

[0199] £k±<Dx^ \mm^tifc^mmmi^^^t^mm^^^mmi ' i-ov ^-c. ijxT^<^) 
$tb6o m^. ^yymmmmn20Kx^!i^\^mmr.^^m^y-7<Dmnmmm:d^ 

^-e{*i/7:7i|isgij^^^g20c>?ll^^3atcov>-c<o^lftB>gi-So 
[0201] ig20{i. i5^7:7i|isiJMigM20<Di/77ili§iJ^^;n;a(^^^<z)gStt^^t-:7n--^-^ 
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-r^(s5o)o 

m^^'7ymm^^26Kmmmj^y'-'^tvx^^^Mo #i4mi^-^^ 

[0203] ikK. m±^^^^m25i-i. mmwei^^^m23i!>^^^ir:6^mmm7!)^h. m± 
•r:5mmwc(Dm^m't^o ^vx. ntL^y^w^^wt2Q\z.u'^^f\;rzMiLir^ 

[0204] ^v-i^^^^m27i^^ m^L^'^ymm.^^26Kmm^f\^fcmmMM.f- 

[0205] j^. ^^-^Uii^^yy W-^) J > M*i^^7<D§p5>i/9:7-e*>or. ^^gu^ 
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xmn-r^:iti,zx^. !i^\^mm-^^^^^'7-:7(Dnmm^n^ (s54)o 

[0207] 5>#m^^^^22{i. i^m(7)m^lev^irdifm'P^^^ (S55)„ ^bT. ^ 

tcm^iM (S56) . ^^ymmmmm^^r-r^o 

Tr^-^Cji:v>9o )^ ^J'y-i5^KS36Sfft3^^TV^/^v^M^;^(^y;^^S^^i-^^s ( 

a 

a 

i i 

b b 

[0211] *-r. ^y-^^^#^27«. i5'y-:J'-7^-i5'<D^-a'C;lr^^'^{<l|?JS?^bt- § (S6 

a 

fern. gS^^^S ;^l-^^^mc^cev^MM>■^^^*i-5^^t>^-^ ::tLb(D||^;^ 

a 

[0212] i5^y— i5^^^#^27}*. ifi^^-B-S ;6S^*^-e^.CV ^*^S^^?^^J^■rS (S62 

a 

[0213] m^M^s 7!)^^m^xfj:\,^m^. ^v—^^^^^27it.. m^M^s (d^x^wc 
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i 

i i a 

i 1> 

[0214] likK. ^V-^^m^^27\i.. MM^m^S ;6S^m-^;6-S^d^^^J^i-§(S66)o «H 

b 

b b 

j i j 

b j b 

j D 

(S68)o ^bt. ;^x5/:/S66t;iM^o 

b 1 
a i 

S69)o ^VX. >^7^-/7'S62l^:M^o 
[0216] ^7^5/>^S62(C*5V ^T. ^WM.(DmMM^S H^^M^tf^ofzM^X. M^C^^ 

a 

[0218] t^JlO] 

]i5$t{*6-C35So ^tbtr. :*:|^ife«»J<D:^^77i|©S'J^^^m20(cJ;o-C#ttil^-5)-^ 
[0219] . *|n(-5>*iJ<?)ii5$levm-l = 5. 0]^${C^^$n5o lev 

2 

[0220] [^5] 
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X, = {Xi} 
0 1 

000 
001 
010 

V / ,011 

101 
110 
111 

$1 $2 

[0221] ^m(Dm^^lev=4tir^ (11122 (a) #M)o lev=405^i^^{i. (^6) 

[0222] [^6] 

00 01 10 11 
~dl I dd I 01 I Id 
dl dd 01 Id 
00 10 10 tiO 
00 11 10 dl 
(D*2 (D*3 

[0223] (^6)J:«9.40(Z)^JMic^ ;ds#e>ti^o ^JBI#:«» ^^JM^^ f«^i-So 

14 2 4 

3 3 2 4 

^^^-r^t, m23ia)(DX^i^ti:^o El22(a)<Oi^^:7<DfiS^2. 4{i. 1323 (a) -Cf* 
[0224] [MT\ 



dl 


01 


dl 


01 


00 


10 


00 


10 


dd 


Id 


dd 


Id 


10 


do 


11 


dl 



X2 {X2,X2,X^ 



00 
01 
10 
11 
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00 01 10 11 

~di I Id 1 01 I Id 

dl Id 01 Id 

00 10 10 10 

00 11 10 I 11 
0^1 Q)^'2 (D^3 

[0225] m^. ^m(Dm^^iev=3mm^<^M^)t'r^m23(a)0m)o 11123(a) ^ 

1 0 

1 6 

1 5 3 4 6 

3ih)(DXo{^m^ti^o 11123(b) (Di^35r^^:7t;iov>-c. ^))—^\z.X.^mMMm.^ 

m^not^m^}^. ig23(b)<^^ill-e^bfc4o<D>^y-i5^s^. s^. s^, s^^^^^^ 

1 15 

2 3 4 

^J^7:7=^3t Jim 24(75 J:5{;i>fc^o ll|23(a)<DfiiS^6, 8tmM.7, 10^. ia24-ef*. ^ 
[0226] ^#J(D,«$^lev=2, l-e«. ^^Ji8^«M3i:U?feV>0-C. ^^^J^^±iNF^4M^— 

[0227] 1322 (a) tm24t^itm'r^t. v^-^mnm^McDi^W:. m±mit8:d^h4im\ 
=fv:<j>^i<Di^^titm-r^t. T/v=?yxAi^fflL:^5igm(ia4(b)#RS) tcit-^. 

[0228] *=^l^> ^od^o^>'^-^— ^^'il#:^fflv^X. ;*:|IJfe^J(c^Si/7:7*ggiJ^^^l 



X2 = {:E2,X3,a:4} 



00 
01 
10 

11 
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[0229] [^8] 



Acinic 


DC - 0 


Alg.3 


^ i^eiis 


44- T TTTo 




Y]p v-'eiib 




TT v..at> 


7 1 1 1^ RIVQ 


6 


3d 


o 
o 


4 


oo 

Ztlf 


9 


7-il-io-l { IviNo 


9 


DO 


o 


Q 

o 




o 
•J 


i 1- io- iO- 1 ( rU> O 


19 


llo 


5 




iUo 


0 


4-digit ll-narj'^ to binarj*^ 


4 




o 

z 


4 




9 


4-d.igit 13-iiary to binary 


4 


31 


2 


4 


30 


2 


5-digit decimal to binarv^ 


8 


50 


3 


7 


48 


2 


6-digit 5~uary to binary 


6 


44 


2 


5 


36 


2 


6-digit 6-nary to binary 


5 


38 


2 


5 


29 


2 


6-digit 7-nary to binary 


10 


68 


3 


9 


58 


3 


10-digit ternary to binary 


9 


59 


3 


6 


48 


2 


3-digit decimal adder 




37 


2 


3 


17 


1 


4-digit decimal adder 


10 


64 


2 


4 


24 


1 


2-digit decimal multiplier 


8 


51 


3 


7 


48 


3 


Total 


105 


677 


35 


84 


555 


30 


Ratio 


1.00 


1.00 


1,00 


0.80 


0.82 


0.86 



[0230] ^tv^no-<v^-^— ^illlc«i^>iT<^il9-efc§o 

[0231] (1) PJ^^^m (Residue Number System, RNS) ^2'm^'^\^W^'t^W^% (Residue 
Number to Binary Number Converters) 

•5-7-11-13RNS (14-input 13-output, DC 69.5%: 4-digit RNS number, where the 
moduli are 5, 7, 11, and 13) 

•7-11-13-17 RNS (16-input 15-output. DC 74.0%) 
•11-13-15-17 RNS (17-input 16-output, DC 72.2%) 
[0232] (2) i^fT<7)kai^^23i^i-^t^i"5 IhIS§ (k-nary to Binary Converters) 
•4-digit 11-nary to binary (16-input 14-output, DC 77.7%) 
•4-digit 13-nary to binary (16-input 15-output, DC 56.4%) 
•5-digit decimal to binary (20-input 17-output, DC 90.5%) 
•6-digit 5-nary to binary (18-input 14-output, DC 94.0%) 
•6-digit 6-nary to binary (18-input 16-output, DC 82.2%) 
•6-digit 7-nary to binary (18-input 17-output, DC 55.1%) 
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•10-digit ternary to binary (20-input 16-output, DC 94.4%) 
[0233] (3) i^ff<7) 10M^<Dl}n%m^. mWB^ (Decimal Adders and a Multiplier) 
•3-digit decimal adder (24-input 16-output, DC 94.0%) 
•4-digit decimal adder (32-input 20-output, DC 97.7%) 
•2-digit decimal multiplier (16-input 16-output, DC 84.7%) 

[0234] (^8) {e:*5v>T. rDC=oj it. i--<-c<DK>'h-5^T(;io^fij«9^-cfc#^^^U r 

Aig.3j it. ^mmmK^^wsmm^^^mmi * {cj;«5T/wyxA3;s:jifflufc#^ 

^^bTV^:5o r#CellsJ(Oia(*, ;(7:x>r— KF^tO-fe/V^^^-f-o F # LUTs J (Offlif*. L 
UT(Dmtt^^<Dimi^Miro r#CasjcD^l«. :fy::^^—V(DWii^mir, (*8)J:«9.* 

[0235] mx.it. 5-7-11-13 RNS^^^^o r(DMm^*. Atf(Dm.^^i:>-^i^M\^e9. 5% 
[0236] K^'b •'^Ttco^fiJ«9 '^XXUJT:itjy^'!r—h^^m\B\^^^^ir:&t. 025 (a) <D j;5 

izLfj:^o rtbtcMb, :^mmmi^^^^^mm^^mmmi'i^^^i^uT^^^-'i-^^ 

[0237] it. LU-m^^^ammSr i l!j^tht-5^3ffilHll^^tfffi<7)CAD§^g. LU 
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1 n 

feS#m;^f^SMmF(X)=(f (X), -.f (X))t^*fL-C^(l) K^V)^m^fl^<li^^m^ 

0 m-1 

X (X.Y) mU Y=(y , • • • ,y ) (m ^ 2. m e S f*F(X)0 mtS^^-T^WU ) 

0 m-l 

(Binary Decision Diagram for Characteristic Function 

: BDD for c¥)(Dmi^wmir^^7ymmwmmr^hox. &.y<Dm^^m^x\^^ 

i5^7:7iiiliijil^^m: 

#ffl;^j|^aMmF(x)(^#ttM^~^*^^^^<^^tv^t^co^^$SfiH^vtco 
v>T. ^^W^4^1i^mmmmt>^^W.z (z e(xu y)) {;i#-^$tT^^#:7-</vMt^tc 

i i 

S^^^z (z G(xUY))<Dte;6S0(Di:#^t;?l(O^#f;i3S^-t-S3fe<?5^g|i^^#Jg-t- 

i i 

0 i 1 i 

v>^h'^Tiz.^m^m^^x^:zti:ixoxm-(Dmmmi^rmmnmmt\^^% 

[^1] 

tn-l 

X(X, r) = /\ {yifi_o V Vi/ij V (1) 

LO LI Ld 
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1 (xefr'm 

0 (otherwises) 




se) [ 




[2] tt)fB^jgs#[^«fij^(iKJiTrii^g5^j^v>5o )^;«i^^:7-t^feoT. mnm^ir^ 
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In 0 m-1 

^ir^fc.lt><D'r---^Xh^/^^y^7iy^'y'--'^^l^iLook-Vp Table : LVT)^±0rr 

0 m-l 

J:«9^a$tba#14M^%(X,Y)mU Y=(y .-".y )(m^2, me g^#:)«F(X)om 

0 m-l 

i 1 I 

Y)) lJ:#-^$n'5^^^^/VMtJ«{C^^^mz (z e(X U Y)) (Dmi!)^0<Dt^:&XJ^l(Dt 

i i 

^Km^'r^^<D^MiM^^'&ir^—M(7)^e (v), e (y)^^hfS:^MUy^—^(Dv'— 

0 i 1 i 

rf/i^Xh^WM.v'—y^^tVxm'^^titcMM.y'—y'^^nm^^; 

1 0 

r j k 

<^^e(v), e(v)0— ^e(v)dSx(X,Y)=0lJ:il*p5J^«fi5^^#^i-5^. ^^fiji 

j 0 j 1 j a j 
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